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[00198] The preferred choice of transition metal component for the 
amorphous polymer fraction is the mono-cyclopentadienyl transition metal 
component of equation 10 where y is equal to 1 . This preferred component is 
illustrated in equation 1 8: 




where A', J, $', X„ X 2 , L\ z and w as are previously defined and M is titanium. 
Substituent S" ¥ is defined to be the same as S" in equation 10 where the subscript 
"v" denotes the carbon atom on the cyclopentadienyl ring to which the substituent 
is bonded and where there can be zero, two or four substituents, S", on the 
cyclopentadienyl ring provided that the cyclopentadienyl ring is symmetrically 
substituted. Symmetrically substituted is defined to mean that the 
cyclopentadienyl ring is substituted in the 2 and 5 positions and/or 3 and 4 
positions with S" groups that are of approximately of the same steric bulk. 
Typically the size of these S" groups are within 2 carbons of each other. Thus a 
cyclopentadienyl substituted at the 2 and the 5 positions with methyl and ethyl 
respectively, or substituted at the 3 and the 4 positions with hexyl and octyl, 
respectively, would be considered symmetric. Likewise, the cyclopentadienyl ring 
may be substituted at all four sites with S" groups and be considered symmetric as 
long as each of the symmetrical pairs are of similar steric bulk. Additionally, two 
adjacent S"-groups in the 3 and 4 position may be linked to form a ring provided 
that the new ring is also symmetrically substituted. 
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[00199] Catalyst systems of this type are known to impart 2, 1 -mistakes 
when incorporating C3 and higher alpha-olefins. The pre-catalysts where S' is 
bonded to the nitrogen ligand (J) via a 3' carbon (for example when S' is tert-butyl 
or 1-adamantyl) have fewer 2,1-mistakes then when S' is bonded to the nitrogen 
ligand (J) via a 1° carbon (for example when S* is n-butyl, methyl, or benzyl) or 2° 
carbon (for example when S' is cyclododecyl, cyclohexyl, or sec-butyl). The 2,1- 
mistakes in the polymer backbone impart (CHj) 2 units that can be beneficial to the 
polymer properties. Polymers of this type, the characterization of such polymers 
and the catalyst systems used to produce such polymers are described in 
US5,723,560 and is incorporated herein by reference. Lower Mw versions of such 
polymers can be produced by changing process condition, for example, by 
increasing reactor temperature. 

[00200] Preferred mono-cyclopentadienyl transition metal compounds 
which, according to the present invention, provide catalyst systems which are 
specific to the production of atactic poly- alpha-olefins include: 
dimemylsilyl(tetramemylcyclopentadienyl)(cyclododecylamido)titani 
dichloride, G^emylsUyl(tettamemylcyclopentadienylXcyclohexylamido) titanium 
dichloride, dimethylsilyl(tetramethylcyclopentadienylXl -adamantylamido) 
titanium dichloride, dimemylsilyl(tetramemylcyclopentadienyl)(t~butylamido) 
titanium dichloride, dimemyldlyl(tetramemylcyclopentadienyl)(s-butylamido) 
titanium dichloride, dimemylsUyl(tetramemylcyclopentadienyl)(n-butylamido) 
titanium dichloride, dimethylsilyl(tetramethylcyclopentadienyl)(exo-2- 
norbornylamido) titanium dichloride, 

diemylsUyl(tetramemylcyclopentadienyl)(cyclododecylamido)titam 

dicMorife, diemylsilyl(teteam^ 

titanium dichloride, diemylsilyl(tetrameraylcyd^ 

titanium dichloride, diemylsiIyl(tetramemylcyclopentadienyl)(l-adWantylarnido) 
titanium dichloride, diemylsilyl(tetraraemylcyclopentadienyl)(t-burylamido) 
titanium dichloride, me%Iene(tetrame%lcyclopentadienyl)(cycIododecylarnido) 
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titanium dichloride, methylene(tetramet!iylcyelopentadienyl)(exo-2r 
norbomylamido) titanium dichloride, 

memylene(tetramethylcyclopentadienyl)(cyclohexylamido) titanium dichloride, 
me1hylene(tetramemylcyclopentadienyl)(l-adamantylamido) titanium dichloride, 
methylene(tetramethylcyclopentadienyl)(t-butylamido) titanium dichloride, 
emylene(tetramethylcyclopentadienyl)(cyclododecylamido) titanium dichloride, 
emylene(tetramemylcyclor»ntadienyl)(exo-2-norbomylamido)titamum 
dichloride, emylene(tetramemylcyclopentadienyl)(cyclohexylamido) titanium 
dichloride, emylene(tetramemylcyclopentadienylXl-adamanlylamido) titanium 
dichloride, emylene(teti^emylcyclopentadienyl)(t-butylamido) titanium 
dicMoride, dimemylsilyl(tetrame^ 

titanium dimethyl, dimethylsUyl(tetiamethylcyclopentadienyl)(cyclohexylamido) 
titanium dimethyl, dimethylsilyl(tBtramemyl<7cIopentadienyl)(l-adamantylamido) 
titanium dimethyl, dimemylsUyl(tenamemylcyclopentadlenyl)(t-butylamido) 
titanium dimethyl, dimemylsilyl(tetramemylcyclopentadienyI)(s-butylamido) 
titanium dimethyl, dimethylsilyl(tetramethylcyclopentadienyl)(n--butylamido) 
titanium dimethyl, dimethylsUyl(tetramethylcyclopentadienyl)(exo-2- 
norbornylamido) titanium dimethyl, 

ddemylsilyl(tetoamemylcyclopentadienyl)(cyclododecylamido) titanium dimethyl, 
diemylsilyl(tetramemylcyclopentadienyl)(exo-2-norbomylamido)titamu^ 
dimethyl, diemylsilyl(tetramemylcyclopentadienyl)(cyclohexylamido) titanium 
dimethyl, dethylsilyI(teti^emylcyclopentadienyl)(l-adamantylarnido) titanium 
dimethyl, diemylsiIyl(tetramemylcyclopentadienyl)(t-butylamido) titanium 
dimethyl, memylene(tetramemylcyclopentadienyl)(cyclododecylamido) titanium 
dimethyl, memylene(tetramethylcycIopentadienyl)(exo-2-norbornylamido) 
titanium dimethyl, memylene(tetramethylcyclopentadienyl)(cyclohexyIamido) 
titanium dimethyl, memylene(tefaamemylcyclopent 
titanium dimethyl, methylene(tetramethylcyclopentadienyl)(t-butylamido) 
titanium dimethyl, ethylene(tetramethylcyclopentadienyl)(cyclododecylamido) 
titanium dimethyl, emyleme(tetramemylcyclopentadienyl)(exo-2-norbomylamido) 
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titanium dimethyl, e%lene(tetramethylcyclopentadienyl)(cyclohe)iylanu<io) 
titanium dimethyl, emylene(tetramethylcyclopentadienyl)(l-adamantylamido) 
titanium dimethyl, e%lene(tetramethylcyclopentadienyl)(t-butylamido) titanium 
dUmerayl,dime1hylsnyl(2,5-dimethyl^^ 

titanium dichloride, (Umethylsilyl(2,5-dimethylcyclopentadienyl)(exo-2- 
norbornylamido) titanium dichloride, dimethylsilyl(2,5- 
<iimethylcyclopeutadienyl)(cyclohexylamido) titanium dichloride, 
dime%lsilyl(2,5-dimethylcyclopentadienyl)(l -adamantylamido) titanium 
dichloride, dimemylsilyl(2,5-dimemylcycIopentadienyl)(t-butyIamido) titanium 
dichloride, dimethylsilyl(3 ,4-dimethylcyclopentadienyl)(cyclododecylamido) 
titanium dichloride, dmaemyIsilyl(3,4-dimethylcyclopentadienyl)(exo-2- 
norboraylamido) titanium dichloride, dimethylsilyl(3,4- 
diraethylcyclopentadienyl)(cyclohexyiamido) titanium dichloride, 
dimemylsUyl(3,4-dimethylcyclopentadienylXl -adamantylamido) titanium 
dichloride, dimethyMyl(3 3 4-dimethylcyclopentadienyl)(t-butylamido) titanium 
dicUoride,dimethylsilyl(2-ethyl-5-methyIcycIopentadienyl)(cyclododecylamido) 
titanium dichloride, dimemylsilyl(2-ethyl-5-methylcyclopentadienyl)(exo-2- 
norbornylamido) titanium dichloride, dimethylsiIyl(2-ethyl-5- 
methylcyclopentadienyl)(cyclohexylamido) titanium dichloride, dimethylsilyl(2- 
ethyl-5-methylcyclopentadienyl)(l -adamantylamido) titanium dichloride, 
dimemylalyl(2-ethyl-5-methy%^ 

dichloride, dimethylsilyl(3-ethyl-4- methylcyclopentadienyl)(cyclododecylamido) 
titanium dichloride, dimetiiylsilyl(3-ethyl-4-methylcyclopentadienyl)(exo-2- 
norbomylamido) titanium dichloride, dimethylsilyl(3-ethyl-4- 
methylcyclopentadienyl)(cyclohexylamido) titanium dichloride, dimetiiylsilyl(3- 
ethyl4-me^ylcyclopentadienyl)(l-adamantylamido) titanium dichloride, 
dimemylsilyl(3-ethyl-4-memylcyclopemtadleiiyl)(t-butylarm 
dichloride, dimethylsilyl(2-ethyl-3-hexyl-5-methyl-4- 

oclylcyclopentadienylXcyclododecylamido) titanium dichloride, dimethylsilyl(2- 
ethyl-3 -hexyl-5-memyl-4-oc*y!cydopentad^enyl)(exo-2-norbomylarnido) titanium 
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dichloride, dimethylsUyl(2-ethyl-3-hexyl-5-metiiyl-4- 
octylcyclopentadienyl)(cyclohexylamido) titanium dichloride, dimethylsilyl(2- 
ethyl-3-hexyl-5-methyl-4-octylcyclopeiitadieHyl)(l -adamantylamido) titanium 
dichloride, dimethylsilyl(2-ethyl-3-hexyl-5-methyl-4-octylcyclopentadienyl)(t- 
butylamido) titanium dichloride, dimethylsilyl(2- 

tetrahydroindenyl)(cyclododecylamido) titanium dichloride, dimethylsilyl(2- 
tetrahydroindenyl)(exo-2-norbomylamido) titanium dichloride, dimethylsilyl(2- 
tetrahydroindenyl)(cyclohexylamido) titanium dichloride, dimethylsilyl(2- 
tetrahydroindenyl)(l -adamantylamido) titanium dichloride, dimethylsilyl(2- 
tetrahydroindenyl)(t-butylamido) titanium dichloride, dimethylsilyl(2,5- 
dimethylcyclopentadienyl)(cyclododecylamido) titanium dimethyl, 
dimethylsilyl(2 ) 5-dimethylcyclopentadienyl)(exo-2-norbomylamido) 
dimethyl, (mTiethylsUyl(2,5-dimethylcyclopentadienyl)(cyclohexylamido) titanium 
dimethyl, amemylsayl(2,5-dimethylcyclopentadienyl)(l-adamantylamido) 
titanium dimethyl, dime%lsUyl(2,5-dimethylcyclopen1adienyl)(t-butylamido) 
titanium dimethyl, dimethylsilyl(3,4- 

dimethylcyclopentadienyl)(cyclododecylamido) titanium dimethyl, 
dimemylsUyl(3,4-dimemylcyclopentadienyl)(exo-2-norbomylamido)tita^ 
dimethyl, dmiethylsilyl(3,4-dimethyIcyclopentadienyl)(cyclobexylamido) titanium 
dimethyl, dimemylsilyl(3,4-dimethylcycIopentadienyl)(l -adamantylamido) 
titanium dimethyl, dimemylsilyl(3,4-dimemylcyclopentamenyl)(t-butyIamido) 
titanium dimethyl, dimethylsiIyl(2-ethyl-5- 

methylcyclopentadienyl)(cyclododecylamido) titanium dimethyl, dimethylsilyl(2- 
emyl-5-methylcyclopentadienylXexo-2-norbomylamido) titanium dimethyl, 
dimemylsilyl(2-emyl-5-memylcyclopenta6Uenyl)(<^clohexylamido)titanm 
dimethyl, dimemyMyl(2-emyl-5-memyIcyclopentadienyI)(l -adamantylamido) 
titanium dimethyl, dimemylsUyl(2-emyl>5-methylcyclopentadienyl)(t-butylamido) 
titanium dimethyl, dimethylsilyl(3-ethyl-4- 

methylcyclopentadienyl)(cyclododecylamido) titanium dimethyl, dimethylsilyl(3- 
ethyl-4-methylcyclopentadienyl)(exo-2-norbomylamido) titanium dimethyl, 
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dimeraylsUyl(3-emyl-4-memylcyclopentadien^ 
dimethyl, dimethylsiIyl(3-emyl-4-memyl^ 

titanium dimethyl, dimemylsUyl(3-emyl4-memylcyclopentadienyl)(t-butyIamido) 
titanium dimethyl, dimethylsilyl(2-ethyl-3-hexyl-5-methyl-4- 
octylcyclopentadienyl)(cyclododecylamido) titanium dimethyl, dimethylsilyl(2- 
emyl-3-hexyl-5-memyM-octylcyclopentadienyl)(exo-2-norbomylamido)titam 
dimemyl,drniemylsilyl(2-ethyl-3-hexyl-5-methyl-4- 
octylcyclopentadienyl)(cyclohexylamido) titanium dimethyl, dimethylsilyl(2- 
ethyl-3-hexyl-5-methyl-4-octylcyclopentadienyl)(l -adamantylamido) titanium 
dimethyl, dimemylsilyl(2^yl-3-hexyl-5-methyl-4-octylcyclopentadienyl)(t- 
butylamido) titanium dimethyl, dimethylsilyl(2- 

tetrahydroindenyl)(cyclododecylamido) titanium dimethyl, dimethylsilyl(2- 
tetrahydroindenyl)(exo-2-norbornylamido) titanium dimethyl, dimethylsilyl(2- 
tetrahydroindenyl)(cyclohexylamido) titanium dimethyl, dimethylsilyl(2- 
tetrahydroindenyl)(l -adamantylamido) titanium dimethyl, dimethylsilyl(2- 
tetr^ydroindenyl)(t-hutylamido) titanium dimethyl and the like. 

[00201] The most preferred species are : 

dimethylsUyl(tetramemyl(^clopentadienyl)(cyclododecylamido)titaru^ 

dichloride, dimemylsilyl(tetramemylcyclopentadienyl)(t-butylamido) titanium 

dichloride, dimethylsiIyl(tetramethylcyclopentadienyl)(cyclohexylamido) titanium 

dichloride, dimemylsilyl(tetramethylcyclopenta^ 

titanium dichloride, dimethylsilyl(tetramethylcyclopentadienyl)(exo-2- 

norbornylamido) titanium dichloride, 

dimemylsilyl(tetramemylcycIopenta^ 

dimethyl, dimethylsUyl(teti^emylcyclorjentodienyl)(t-butylamido) titanium 
dimethyl, d^emylsUyl(te1iame1hylcyclop^ titanium 
dimethyl, dimethylsilyl(tetramethyicyclopentadienyl)(l -adamantylamido) titanium 
dimethyl, and dimemylsilyl(tetramemylcyclopentadienylXexo-2-norbomylarnido) 
titanium dimethyl, 
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[00202] Additionally, at higher reaction temperatures, some catalysts that 
produce syndiotactic poly- alpha-olefin at lower temperatures, will produce 
virtually non-crystalline poly- alpha-olefins at higher temperatures. The choice of 
transition metal component for this amorphous polymer fraction is a subset of the 
transition metal component of equations 8-9. Preferred components of this type 
are illustrated in equation 19: 



wherein A', M, X, and X 2 are as previously defined. Substituents S" v and S'" v are 
independently defined as S" in equations 8-9 where the subscript "v" denotes the 
carbon atom on the Cp-ring or Flu-ring (fluorenyl-ring) to which the substituent is 
bonded. 

[00203] Preferably metallocene precursors for producing poly-alpha-olefins 
having largely amorphous character (when used as catalysts under higher reactor 
temperature conditions) are those of Equation 19 where S"' v are independently 
chosen such that the metallocene framework has a plane of symmetry containing 
the metal center and bisecting the Flu- and Cp-rings. The A' ligand need not be 
symmetrical - for example dimethylsilyl or methylphenylsilyl will not effect the 
stereochemisty of the polymer produced. Substituent S'" v is defined to be the same 
as S" in equation 8-9 where the subscript "v" denotes the carbon atom on the 
cyclopentadienyl ring to which the substituent is bonded and where there can be 
zero, two or four substituents, S'", on the cyclopentadienyl ring provided that the 
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cyclopentadienyl ring is symmetrically substituted. Symmetrically substituted is 
defined to mean that the cyclopentadienyl ring is substituted in the 2 and 5 
positions and/or 3 and 4 positions with S'" groups that are of approximately of the 
same steric bulk. Typically the size of these S'" groups are within 2 carbons of 
each other. Thus a cyclopentadienyl substituted at the 2 and the 5 positions with 
methyl and ethyl respectively, or substituted at the 3 and the 4 positions with 
hexyl and octyl, respectively, would be considered symmetric. Likewise, the 
cyclopentadienyl ring may be substituted at all four sites with S"' groups and be 
considered symmetric as long as each of the symmetrical pairs are of similar steric 
bulk. Additionally, two adjacent S '"-groups in the 3 and 4 position may be linked 
to form a ring provided that the new ring is also symmetrically substituted. 
Because of the distant placement of the S" v substituents on the fluorenyl ring, 
these substitutents need not be symmetrically placed on the fluorenyl ring. Hence, 
the fluorenyl ring may be substituted with form 0-7 substituents that may be the 
same or different Two or more adjacent S"-groups may optionally be linked to 
form a ring. 

[00204] Preferred metallocene transition metal compounds which, 
according to the present invention, provide catalyst systems which are specific to 
the production of amorphous or low crystallinity poly- alpha-olefms include: 
isopropyIidene(cyclopentadienylXfluorenyl) zirconium dichloride, 
isopropylidene(cyclopentadienylXfluorenyl) zirconium dimethyl, 
methylene(cyclopentadienyl)(fluorenyl) zirconium dichloride, 
methylene(cyclopentadienyl)(fluorenyl) zirconium dimethyl, 
diphenylmethylene(cyclopentadienyI)(fluorenyl) zirconium dichloride, 
d^phenylmemylene(cyclopentadieiiyl)(fluorenyl) zirconium dimethyl, di(p- 
triethylsilylphenyl)methylene(cyclopentadienyl)(fluorenyl) zirconium dichloride, 
di(p-Methylsilylphenyl)methylene(cyclopentadienyl)(fluorenyl) zirconium 
dimethyl, di(p-trmae%lsilylphenyI)memylene(cyclopentadienyl)(fluorcnyl) 
zirconium dichloride, di(p- 
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trimethylsUylphenyl)methylene(cyclopentadienyl)(fluorenyl) zirconium dimethyl, 
diphenyIsilyl(cycloperj.tadienyl)(fluorenyl) zirconium dichloride, 
diphenylsilyl(cyclopentadienyl)(£luorenyl) zirconium dimethyl, 
dimethylsilyl(cyclopentadienyl)(iluoren.yl) zirconium dichloride, 
dimethylsilyl(cyclopentadienyl)(fluorenyl) zirconium dimethyl, 
memylphenylsilyl(cyclopentadienyl)(fluorenyl) zirconium dichloride, 
methylphenylsilyl(cyclopentadienyl)(fluorenyl) zirconium dimethyl, 
isopropylidene(cyclopentadienyl)(fluorenyl) hafnium dichloride, 
isopropyMene(cyclopentadienyl)(fluorenyl) hafnium dimethyl, 
methylene(cyclopentadienyl)(fluorenyl) hafnium dichloride, 
methylene(cyclopentadienyl)(fluorenyl) hafnium dimethyl, 
diphenylmethylene(cyclopentadienyl)(fluorenyl) hafnium dichloride, 
diphenylrnethylene(cyclopentadienyl)(fluorenyl) hafnium dimethyl, di(p- 
triemylsilylphenyl)memylene(cycloperjtadienyl)(fluorenyl) hafnium dichloride, 
di(p-trie%lsttylphenyl)mefoylen^ 

dimethyl, di(p-trimemyldlylphenyl)memylene(cyclopentadienyl)(fiuorenyl) 

hafnium dichloride, 

dl(p-trimemylsilylphettyl^ 

dimethyl, diphenylsilyI(cyclopentadienyl)(fluorenyl) hafnium dichloride, 
diphenylsilyl(cyclopentadienyl)(fluorenyl) hafnium dimethyl, 
dimethylsilyl(cyclopentadienyI)(fluorenyl) hafnium dichloride, 
dimethylsilyl(cyclopentadienyl)(fluorenyl) hafoium dimethyl, 
methylphenylsilyl(cyclopentadienyl)(fluorenyl) hafnium dichloride, 
methylphenylsilyl(cyclopentadienyl)(fluorenyl) hafnium dimethyl, 
isopror^Udene(cyclopentadienylX3 > 8-di-t-butylfluorenyl) zirconium dichloride, 
isopropylidene(cyclopentadienylX3,8-di-t-butylfluorenyl) zirconium dimethyl, 
memylene(cyclopentadienyl)(3,8-di-t-butylfluorenyl) zirconium dichloride, 
methylene(cyclopentadienyl)(3,8-di-t-butylfluorenyI) zirconium dimethyl, 
diphenylme%lene(cyclopentadierayl)(3,8^ 
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dichloride, diphenylmethyIene(cyclopesD4adieayl)( 3,8-di-t-butylfluorenyl) 
zirconiiim dimethyl, 

di(p-triemylsUylphenyl)meftylene(cycb^^ 

zirconium dichloride, di(>triemyMylphenyl)methylene(cyclopentadienyl)(3,8-di- 

t-butylfluorenyl) zirconium dimethyl, di(p- 

trimemylsilylphenyl)memylene^^ 

zirconium dichloride, di(p-trimethylsilylphenyl)methylene(cyclopentadienyl)(3,8- 
di-t-butylfluorenyl) zirconium dimethyl, diphenylsilyl(cyclopentadienyl)(3,8-di-t- 
butylfluorenyl) zirconium dichloride, diphenylsilyI(cyclopentadienyl)(3,8-di-t- 
butylfluorenyl) zirconium dimethyl, dimeihylsilyl(cyclopentadienyl)(3,8-di-t- 
butylfluorenyl) zirconium dichloride, dimethylsilyl(cyclopentadienyl)(3,8-di-t- 
butylfluorenyl) zirconium dimethyl, methylphenylsilyl(cyclopentadienyl)(3,8-di-t- 
butylfluorenyl) zirconium dichloride, methylphenylsilyl(cyclopentadienyl)(3,8-di- 
t-butylfluorenyl) zirconium dimethyl, isopropylidene(cyclopentadienyl)(3,8-di-t- 
butylfluorenyl) hafoium dichloride, isopropylidene(cyclopentadienyl)(3 9 8-di-t- 
butylfluorenyl) hafnium dimethyl, melirylene(cyclopentadienyl)(3,8-di-t- 
butylfluorenyl) hafnium dichloride, methylene(cyclopentadienyl)(3,8-di-t- 
butylfluorenyl) hafnium dimethyl, diphenylmethylene(cyclopentadienyl)(3,8-di-t- 
butylfluorenyl) hafnium dichloride, diphenylmemylene(cyclopentadienyl)(3,8-di- 
t-butylfluorenyl) hafnium dimethyl, di(p- 
triemylsilylphenyl)memyIene(cyclopem^ 

dichloride, di(p-triethylsilylphenyl)metiiylene(cyclopentadienyl)(3,8-di-t- 
butylfluorenyl) hafnium dimethyl, di(p- 
tiroiemylsUylphenyl)memylene(cyc^ 

hafnium dichloride, m^trimethylsilylphenyl)methylene(cyclopentadienyl)(3,8- 
di-t-butylfluorenyl) hafnium dimethyl, diphenylsilyl(cyclopentadienyl)(3,8-di-t- 
butylfluorenyl) hafnium dichloride, diphenylsilyl(cyclopentadienyl)(3,8-di-t- 
butylfluorenyl) hafnium dimethyl, dimethylsilyl(cycIopentadienyl)(3,8-di-t- 
butylfluorenyl) hafhium dichloride, dimethylsilyl(cycIopentadienyl)(3 3 8H3i-t- 
butylfluorenyl) hafnium dimethyl, methylphenylsilyI(cyclopentadienyl)(3,8-di-t- 
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butylfluorenyl) hafiiium dichloride, memylphenylsnyl(cyclopentadienylX3,8-di-t- 
butylfluorenyl) hafiiium dimethyl, 

isopropylidene(cyclopentadienylX3,3,6,6,9,9, 1 2, 1 2-octamethyl-4 3 4 } 5 3 5 J 8 5 8,9 > 9- 
octahydrodiben2yl[bji]fluorenyl) zirconium dichloride, 
isopropyMene(cyclopentadieaylX3,3^6 J 9 ) 942,12-octamethyl-4 > 4 J 5 5 5,8 > 8 5 9 3 9- 
octahydrodiberj2yl[b,h]fluorenyl) zirconium dimethyl, 
memyleneCcyclopentodienylXS^.^e^Al^^-octamethyl^^^.S.S.S^^- 
octahydrodiberizyl[b,h]fluorenyl) zirconium dichloride, 
me%lene(cyclopenta(heriyl)(3 > 3,6,6,9 J 9,12,12-octamethyl-4 > 4,5,5 } 8,8 J 9,9- 
octahydrodibenzyl[b,h]fluorenyl) zirconium dimethyl, 
diphenylmemylene(cyclopentadienyl)(3 J 3,6,6,9 ) 9,12,12K)ctamethyl- 
4,4,5,5,8,8,9,9-octahydrodiberizyl[fa,h]fluorenyl) zirconium dichloride, 
diphenylmemylene(cyclopentadienylX3,3,6,6,9,9,12,12-octamethyl- 
4,4,5,5,8,8,9,9-octahydrodibenzyl[b,h]fluorenyl) zirconium dimethyl, 
oltp-triethylsilylphenyOmethylene^yclopentadienylXS.S.e^^^,^,^- 
octame%l-4,4,5,5,8,8,9,9-octahydrombenzyl[bJ[i]fluorenyl) zirconium dichloride, 
di(p-triethylsilyIphenyl)methylene(cyclopentadienyl)(3,3,6,6,9,9,12,12- 
octamethyM^.S^^.S^^-octahydrodibenzyllb^fluorenyl) zirconium dimethyl, 
di(p-trimemylsUylphenyI)methylene(cyclopentadienylX3,3,6,6,9,9,12,12- 
octame%l-4,4,5,5,8,8,9,9K)ctahydrodibenzyl|b,h]iluorenyl) zirconium dichloride, 
dl(jp-trimemyMylphenyl)methylene(cyclopentadienyl)(3,3,6,6,9,9,12,12- 
octamemyM,4,5,5,8,8,9,9H3ctahydrodibenzyl[b,h]fluorenyl) zirconium dimethyl, 
mphenylsayl(cyclopentadienyl)(3,3,6,6,9,9,12,12-octamethyl-4,4,5,5,8,8,9,9- 
octahydrodibenzyl[b,h]fluorenyl) zirconium dichloride, 
diphenylsilyl(cyclopentadienylX3,3,6,6,9,9,12,12-octamethyl-4,4,5,5,8,8,9,9- 
octahydrodibenzyl[b,h]fluorenyl) zirconium dimethyl, 
dime%lsUyl(cyclopeiitamenyl)(3,3,6 5 6,9^,12,12-octamethyl-4,4,5,5,8,8,9,9- 
octahydrodibenzyllb,h]fluorenyl) zirconium dichloride, 
dlmemylsilyl(cycIopentadien^^^ 
octahydrodibenzyl[b,h]fluorenyl) zirconium dimethyl, 
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me%lpbenylsflyl(cyclopenlad^ 
octahydrodibenzyl[b,h]fluorenyl) zirconium dichloride, 

methylphenylsUylCcyclopentadienyOCS^^^.P^.nja-ootamethyM^^^AS^^- 
octahydrodibenzyl[b s h3fl uoren yI) zirconium dimethyl, 
isopropylidene<cyclopentadenyl)(3 5 3 J 6 ) 6,9 ) 942,12-octamethyl-4,4,5,5,8 J 8 > 9 J 9- 
octahydrodibenzyl[b,h]fluorenyl) hafnium dichloride, 
isopropylidenetcyclopentadienyOCB^.e^^l^^-octamethyMAS.S^^^^- 
octahydrodibenzyl[b,h]fluorenyl) hafnium dimethyl, 
me1iiylene(cyclopentadienyl)(3,3,6,6 J 9 3 9 J 12 ) 12-octamethyl-4,4,5 J 5 > 8,8 ) 9,9- 
octahy<lrodibenzyl|b,h]:fluorenyl) hafnium dichloride, 
methyleneCcyclopentaa^enylJCS^^^^^.n.n-oc^amethyM^.S^.S.S^^- 
octahydrodibenzyl[b,h3fluorenyl) hafnium dimethyl, 
diphenylmethylene(cyclopentadienyl)(3,3 > 6 ) 6,9,9,12,12-octamethyl- 
^S^.S.S^^-octahydrodibenzyllbJtiJfluorenyl) hafnium dichloride, 
mphenylmethylene(cyclopentadienyl)(3,3,6,6,9,9,12,12-octamethyl- 
4A5,5,8,8,9,9-oc1^ydrodiberayl[b^i]iluorenyl) hafnium dimethyl, 
di(r>trie%IsUylphenyl)methylene(cyclopentadienyl)(3,3,6,6,9,9,12,12- 
octamemyM,4,5,5,8,8,9,9-octahydrodibenzyl[b,h]fluorenyl) hafnium dichloride, 
di(p-trie%lsilylphenyl)methyIene(cyclopentadienyl)(3,3,6,6,9,9,12,12- 
octamethyl-4,4,5,5,8,8,9,9-octahydrodibenzyl[b,h]fluorenyl) hafnium dimethyl, 
di(>trimemylsilylphenyI)memylene(cyclopentadienyl)(3,3,6,6,9,9,12,12- 
octamemyl-4,4,5,5,8,8,9,9-octahydrodibenzyl[b4i]fluorenyl) hafnium dichloride, 
diCp-trunethylsilylpheny^methyleneCcyclopentadienylXSjSje^^^,^,^- 
octamemyl-4,4 ) 5,5,8 > 8,9,9-octahydrodibenzyl[b,h]fluorenyl) hafnium dimethyl, 
diphenylsilyl(cyclopentadienyl)(3,3,6,6,9,9,12,12-octamethyl-4,4,5,5,8,8,9 J 9- 
octahydrodibenzyl[b^i]fluorenyl) hafnium dichloride, 
mphenylsayl(cyclopentaa^enyl)(3,3,6,6,9,9,12,12-ocJtamethyl-4,4 ) 5 > 5,8 1 8,9 ) 9- 
octahydrodiben2yl[b,h]fluarenyl) hafnium dimethyl, 
mme%lsilyl(cyclopentadienyl)(3,3,6,6,9 } 9,12,I2-octamethyl-4,4,5,5,8,8,9,9- 
octahydrodibenzyl[b > h]fluorenyl) hafnium dichloride, 
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dime&ylsilyl(cyclopentadienyl)(3,3,6^ 
octahydrodibenzyl[b,h]fluorenyl) hafnium dimethyl, 

methylplienylsilyl(cyclopentadienyl)(3 5 3,6,6,9,9 J 12,12-octamethyl-4 J 4,5 J 5 5 8 5 8 J 9,9- 
octahydkodibenzyl|>,h]fluorenyl) hafnium dichloride, 

methylphmylsiIyl(cyclopentamenylX33,6 I 6»9 ) 9 ) 12,12-octamefliyl-4 5 4 J 5 J 5 } 8 s 8 s 9 5 9- 
octahydrodibenzyl[b,h]jEluorenyl) hafnium dimethyl, and the like. 

[00205] The most preferred species are: di(p- 
triethylsilylphenyl)metoylene(cydopenta& 

zirconium dichloride, di(p-triethylsilylphenyl)methyIene(cyclopentadienyl)(3,8-di- 
t-butylfluorenyl) hafnium dichloride, di(p- 

triemylsilylphenyl)memylene(cyclopentadienyI)(3,8^4-butylfluorenyl) 
zkconium dimethyl, di(p-trieihylsilylphenyl)methylene(cyclopentadienyl)(3,8-di- 
t-butylfluorenyl) hafnium dimethyl, di<p- 
tfemylsilylphenyl)memylene(cyclope^ 

4,4,5,5,8,8,9,9-octahydrodibenzyl [b,h]fluorenyl) zirconium dichloride, di(p- 
triemylsUylphenyl)memylene(cyclopentadienyl)(3,3,6,6 J 9,9,12,12-octamethyl- 
4,4,5,5,8,8,9,9-octahydrodibenzyl[bJi]fluorenyl) hafnium dichloride, di(p- 
trie%lsilylphenyl)me%lene(cyclopentadienyI)(3,3,6,6,9,9,12,12-octamethyl- 
4,4,5,5,8,8,9,9K)ctahydrodibenzyl[b s h]fluorenyl) zirconium dimethyl, and di(p- 
triethyIsilylphenyl)methylene(cyclopentadienyl)(3,3,6,6,9,9,12,12-octamethyl- 
4,4,5,5,8,8,9,9-octahydrodibenzyllbJi]fluorenyl) hafnium dimethyl. 
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[00206] Additionally, compounds of formula 20 may be used to produce the 
amorphous polymer fraction. 




[00207] In this case, S" v are independently chosen such that the metallocene 
framework has a plane of symmetry that bisects M and A'. Substituents S" ¥ are 
independently defined to be the same as S" in equation 8-9 where the subscript "v" 
denotes the carbon atom on the cyclopentadienyl ring to which the substituent is 
bonded and where there can be zero to four substituents, S", on the 
cyclopentadienyl ring provided that the cyclopentadienyl ring is symmetrically 
substituted. Symmetrically substituted is defined to mean that the 
cyclopentadienyl ring is substituted in the 2 and 2'positions and/or 3 and 3' 
positions and/or 4 and 4' positions and/or 5 and 5' positions with S" groups that 
are of approximately of the same steric bulk. Typically the size of these S" groups 
are within 2 carbons of each other. Thus a cyclopentadienyl substituted at the 2 
and the 2' positions with methyl and ethyl respectively, or substituted at the 3 and 
the 3' positions with hexyl and octyl, respectively, would be considered 
symmetric. Likewise, the cyclopentadienyl ring may be substituted at all four sites 
with S" groups and be considered symmetric as long as each of the symmetrical 
pairs are of similar steric bulk. Additionally, two adjacent S"-groups may be 
linked to form a ring provided that the new ring is also symmetrically substituted. 
Such complexes such as meso-Me 2 Si(indenyI) 2 ZrMe 2 meso- 
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CHjCHzCindenyl^ZrClj are well known in the art and generally produce 
amorphous polymers useful in this invention. 

[00208] Preferred meso-metallocene compounds which, according to the 
present invention, provide catalyst systems which are specific to the production of 
amorphous poly- alpha-olefins include the meso versions of: 
dimethylsilylbis(indenyl) zirconium dichloride, dimethylsilylbis(indenyl) 
zirconium dimethyl, diphenylsilylbis(indenyl) zirconium dichloride, 
diphenylsilylbis(indenyl) zirconium dimethyl, methylphenylsilylbis(indenyl) 
zirconium dichloride, 

methylphenylsilylbis(indenyl) zirconium dimethyl, ethylenebis(indenyl) 
zirconium dichloride, ethylenebis(indenyl) zirconium dimethyl, 
methylenebis{indenyl) zirconium dichloride, methylenebis(indenyl) zirconium 
dimethyl, dimethylsilylbis(indenyl) liafhium dichloride, dimethylsilylbis(indenyl) 
hafnium dimethyl, diphenylsilylbis(indenyl) hafnium dichloride, 
diphenylsilylbis(indenyl) hafnium dimethyl, methylphenylsilylbis(indenyl) 
hafnium dichloride, methylphenylsilylbis(indenyl) hafnium dimethyl, 
ethylenebis(indenyl) hafnium dichloride, ethylenebis(indenyl) hafnium dimethyl, 
methylenebis(indenyl) hafnium dichloride, methylenebis(indenyl) hafnium 
dimethyl, dimethylsilylbis(tetrahydroindenyl) zirconium dichloride, 
dimethylsilylbis(tetrahydroindenyl) zfrconium dimethyl, 
diphenylsilylbis(tetrahydroindenyl) zirconium dichloride, 
diphenylsilylbis(tetrahydromdenyl) zircomum dimethyl, 
methylphenylsilylbis(tetrahydroindenyl) zirconium dichloride, 
methylphenylsilylbis(tetrahydroindenyl) zirconium dimethyl, 
ethylenebis(tetrahydroindenyl) zircomum dichloride, 
ethylenebis(tetrahydroindenyl) zirconium dimethyl, 
methylenebis(tetrahydroindenyl) zirconium dichloride, 
methylenebis(tetrahydroindenyl) zircomum dimethyl, 
dunemylsilylbis(tetrahydroindenyl) hafrmim dichloride, 
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diraethylsilylbis(tetrahydroindeiiyl) hafnium dimethyl, 
diphenylsUyIbis(tetrah.ydroindenyl) hafnium dichloride, 
diphenylsilyIbis(tetrahydroindenyl) hafbium dimethyl, 
methylphenylsiIylbis(tetrahydroindenyl) hafnium dichloride, 
methylphenylsilylbis(tetrahydroindenyl) hafnium dimethyl, 
ethylenebis(tetrahydroindenyl) hafnium dichloride, ethylenebis(tetrahydroindenyl) 
hafnium dimethyl, methylenebis(tetrahydroindenyl) hafnium dichloride, 
methyIenebis(tetrahydroindenyl) hafnium dimethyl, dimethylsilylbis(2- 
methylindenyl) zirconium dichloride, dimethylsilylbis(2-methylindenyl) 
zirconium dimethyl, diphenylsilylbis(2-methylindenyl) zirconium dichloride, 
diphenylsilylbis(2-methylindenyl) zirconium dimethyl, methylphenylsilylbis(2- 
memylindenyl) zirconium dichloride, methylphenylsilylbis(2-methylindenyl) 
zirconium dimethyl, ethylenebis(2-methylindenyl) zirconium dichloride, 
ethylenebis(2-methylindenyl) zirconium dimethyl, methylenebis(2-methylindenyl) 
zirconium dichloride, methylenebis(2-methylindenyl) zirconium dimethyl, 
dunethylsilylbis(2-methylindenyl) hafnium dichloride, dimethylsilylbis(2- 
methylindenyl) hafnium dimethyl, diphenylsilylbis(2-methylindenyl) hafnium 
dichloride, diphenylsilylbis(2-methylindenyl) hafnium dimethyl, 
memylphenylsilylbis(2-memylindenyl) hafnium dichloride, 
methylphenylsilylbis(2-methylindenyl) hafnium dimethyl, ethylenebis(2- 
methylindenyl) hafnium dichloride, ethylenebis(2-methylindenyl) hafnium 
dimethyl, methylenebis(2-methylindenyl) hafnium dichloride, methylenebis(2- 
methylindenyl) hafnium dimethyl, dimethylsilylbis(2-methyl-4-phenylindenyl) 
zirconium dichloride, diphenylsiIylbis(2-methyl-4-phenylindenyl) zirconium 
dimethyl, diphenylsilylbis(2-methyl-4-phenylindenyl) zirconium dichloride, 
diphenylsilylbis(2-methyl-4-phenylindenyl) zirconium dimethyl, 
memylphenylsilylbis(2-me%l-4-phenylindenyl) zirconium dichloride, 
methylphenyIsilylbis(2-methyI-4-phenylindenyl) zircomum dimethyl, 
emylenebis(2-memyl-4-phenylindenyl) zirconium dichloride, ethylenebis(2- 
methyl-4-phenylindenyl) zirconium dimethyl, methylenebis{2-methyl-4- 
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phenylindenyl) zirconium dichloride, memylenebis(2-methyl-4-phenylindenyl) 
zirconium dimethyl, dimethylsilylbis(2-methyl-4-phenylindenyl) hafnium 
dichloride, dimemylsUylbis(2-memyl^phenylindenyl) hafnium dimethyl, 
diphenylsilylbis(2-methyl-4-phenylindenyl) hafiuum dichloride, 
diphenylsilylbis(2-methyl-4-phenylindenyl) hafnium dimethyl, 
methylphenylsilylbis(2-methyl-4-phenylindenyl) hafbium dichloride, 
methylphenyIsilylbis(2-methyl-4-phenylindenyl) hafbium dimethyl, 
ethylenebis(2-methyl-4-phenylindenyl) hamium dichloride, ethylenebis(2-methyl- 
4-phenylindenyl) hamium dimethyl, methylenebis(2-methyl-4-phenylindenyl) 
hafnium dichloride, methylenebis(2-methyM-phenylindenyl) hafnium dimethyl, 
dimemylsilylbis(4,7-dimethylindenyl) zirconium dichloride, dimethylsilylbis(4,7- 
dimethylindenyl) zirconium dimethyl, diphenylsilylbis(4,7-dimethylindenyl) 
zirconium dichloride, diphenylsilylbis(4,7-dimethylindenyl) zirconium dimethyl, 
methylphenylsilylbis(4,7-dimethyhndenyl) zirconium dichloridej 
methylphenylsilylbis(4,7-dimethyhndenyl) zirconium dimethyl, ethylenebis(4,7- 
dimethylindenyl) zirconium dichloride, emylenebis(4,7-dimethylindenyl) 
zirconium dimethyl, memylenebis(4,7KljmethylindenyI) zirconium dichloride, 
me%lenebis(4,7-dimethylindenyl) zirconium dimethyl, dimethylsilylbis(4,7- 
dimethylindenyl) hamium dichloride, dmiethylsilylbis(4,7-dimethylindenyl) 
hafnium dimethyl, mphenylsilylbis(4,7-dimethylindenyl) hafnium dichloride, 
diphenylsilylbis(4,7-dimethyhndenyl) hafnium dimethyl, 
methylphenylsilylbis(4,7-dimethylindenyl) hafnium dichloride, 
methylphenylsilylbis(4,7-dimethylindenyl) hafnium dimethyl, ethylenebis(4,7- 
dimethylindenyl) hafnium dichloride, emylenebis(4,7'HJimethylindenyl) hafnium 
dimethyl, memylenebis(4,7-dimemylindenyl) hafnium dichloride, 
memylenebis(4,7-dimemylindenyl) hafnium dimethyl, and the like. 

[00209] The most preferred species are the racemic versions of: 
dimethylsilylbis(indenyl) zirconium dichloride, dimethylsilylbis(indenyl) 
zirconium dimethyl, ethylenebis(indenyl) zirconium dichloride, 
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ethylenebis(indenyl) zirconium dimethyl, dimethylsilylbis(indenyl) hamium 
dichloride, dimethylsilylbis(indenyl) hamium dimethyl, efhylenebis(indenyl) 
hafnium dichloride, ethylenebis(indenyl) hamium dimethyl, 
dimethylsilylbis(tetrahydroindenyl) zirconium dichloride, 
dimethylsilylbis(tetrahydroindenyl) zirconium dimethyl, 
ethylenebis(tetrahydroindenyl) zirconium dichloride, 
ethylenebis(tetrahydroindenyI) zirconium dimethyl, 
dimemyIsilyIbis(tetodiydroindenyl) hafnium dichloride, 
dimethylsiIylbis(tetrahydroindenyl) hafiaium dimethyl, 

ethylenebis(tetrahydroindenyl) hamium dichloride, ethylenebis(tetrahydroindenyl) 
hamium dimethyl, dimethylsilylbis(2-methylindenyl) zirconium dichloride, 
dimethylsilylbis(2-methylindenyl) zirconium dimethyl, ethylenebis(2- 
methylindenyl) zirconium dichloride, ethylenebis(2-methyHndenyl) zirconium 
dimethyl, dimethylsilylbis(2-methylindenyl) hafnium dichloride, 
dimethylsilylbis(2-methylindenyl) hamium dimethyl, ethylenebis(2- 
methylindenyl) hamium dichloride, and ethylenebis(2-methylindenyl) hamium 
dimethyl 

[00210] When two transition metal compound based catalysts are used in 
one reactor as a mixed catalyst system, the two transition metal compounds should 
be chosen such that the two are compatible. A simple screening method such as by 
'H or 13 C NMR, known to those of ordinary skill in the art, can be used to 
determine which transition metal compounds are compatible. 

[00211] It is preferable to use the same activator for the transition metal 
compounds, however, two different activators, such as a non-roordinating anion 
activator and an alumoxane, can be used in combination. If one or more transition 
metal compounds contain an X t or X 2 ligand which is not a hydride, bydrocarbyl, 
or substituted bydrocarbyl, then the alumoxane should be contacted with the 
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transition metal compounds prior to addition of the non-coordinating anion 



[00212] Particularly preferred combinations of transition metal compounds 
include: 

(1) Me2Si(Me 4 C 5 )(N-c-C 12 H23)TiCl2 and rac-MejSiC-Me-^ 
Phlnd^ZrClj (2-Me-4-PhInd = 2-memyl-4-phenylindenyl, c-C ]2 H23 
= cyclododecyl, Me 4 C 5 - tetramethylcyclopentadienyl) activated 
with an alumoxane, such as methylalumoxane or modified 
methylalumoxane; 

(2) MejSiCMe^OCN-c-Cu^TiMej and rac-Me2Si(2-Me-4- 
PhInd) I ZrMe 2 activated with a non-coordinating anion activator, 
such as N,N-dimethylanilinium tetrakis(pentaflourophenyl)boron 
or triphenylcarbonium tetrakis{pentaflourophenyl)boron; 

(3) Me2Si(Me 4 C 5 )(N-c-C 12 H23)TiCl2 and rac-Me 2 Si(2-MeInd) 2 ZrCl 2 (2- 
Melnd = 2-methyl-indenyl) activated with an alumoxane, such as 
methylalumoxane or modified methylalumoxane; 

(4) Me2Si(Me 4 C s )(N-c-Ci2H23)TiMe2 and rac-Me2Si(2-MeInd) 2 ZrMe2 
activated with a non-coordinating anion activator, such as N,N- 
dimethylamlinium tetrakis(pentaflourophenyl)boron or 
triphenylcarbonium tetrakis(pentaflourophenyl)boron; 



(5) 



Me2Si(Me 4 C s )(N-l-adamantyl)TiCl2 and rac-Me2Si(2-Me-4- 
PhlndJjZrC^ activated with an alumoxane, such as 
methylalumoxane or modified methylalumoxane; 
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(6) MejSi^CjXN-l-adamantyOTiMei and rac-Me 2 Si(2-Me-4- 
PhInd) 2 ZrMe2 activated with anon-coordinating anion activator, 
such as N,N-dimethylamlinium tetrakis(pentaflourophenyl)boron 
or triphenylcarbonium tetrakis(pentaflourophenyl)boron; 

(7) MejSiCMe^XN-l-adamantyOTiClj and rac-Me 2 Si(2-MeInd) 2 ZrCl 2 
activated with an alumoxane, such as methylalumoxane or 
modified methylalumoxane; 

(8) Me^SiCMe^jXN-l-adamantylJTiMej and rac-Me 2 Si(2- 
MeInd) 2 ZrMej activated with a non-coordinating anion activator, 
such as N,N-dimemylanflinium tetraMs(pentaflourophenyI)boron 
or triphenylcarbonium tetrakis(pentaflourophenyl)boron; 

(9) Me2Si(Me 4 C 3 )(N-t-butyl)TiCl 2 and rac-Me 2 Si(2-Me-4-PhInd) a ZrCl a 
activated with an alumoxane, such as methylalumoxane or 
modified methylalumoxane; 

(10) Me 2 Si(Me 4 C 5 XN-t-butyl)TiMe 2 and rac-MejSip-Me-^ 
PhInd) 2 ZrMe 2 activated with a non-coordinating anion activator, 
such as N,N-dimethylanilinium tetrakis(pentaflourophenyl)boron 
or triphenylcarbonium tetrakis(pentaflourophenyl)boron; 

(1 1) M^SiCMe^CjJCN-t-butylJTiC^ and rac-Me^i^-Melad) activated 
with an alumoxane, such as methylalumoxane or modified 
methylalumoxane; 



(12) MejSi^CjJ^-butyliTiMe, and rac-Me.Si^-Melnd^rMe, 
activated with a non-coordinating anion activator, such as N,N- 
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dimethylanilinium tetralris(pentaflourophenyl)boron or 
triphenylcarboniumtetrakis(pentafioijrophenyl)boron; 

(1 3) Me2Si(Me 4 C s )(N-exo-norbomyl)TiCl 2 and rac-Me^-Me^- 
PhInd)2ZrCl 2 activated with an alumoxane, such as 
methylalumoxane or modified methylalumoxane; 

(14) M^SitMe^XN-exo-norboray^TiMej and rac-Me2Si(2-Me-4- 
Phlnd^ZrMej activated with a non-coordinating anion activator, 
such as N,N-dimemylanilinium tetrakis(pentaflourophenyl)boron 
or triphenylcarbonium tetralds(pentaflourophenyl)boron; 

(15) Me 2 Si(Me 4 C 5 )(N-exo-norbornyl)TiCl 2 and rac-Me^i^- 
Melnd^ZrClj activated with an alumoxane, such as 
methylalumoxane or modified methylalumoxane; 

(1 6) M^SiOVIe^jJCN-exo-norbornylJTiMez and rac-M^Si^- 
Melnd^ZrMej activated with a non-coordinating anion activator, 
such as N^-dimemylanilinium tetrakis(pentaflourophenyl)boron 
or triphenylcarbonium tetrakis(pentaflourophenyl)boron; 

(1 7) (p-Et3SiPh)jC(CpX3,8-di-t-BuFlu)HfCl 2 and rac-Me 2 Si(2-Me-4- 
PhInd) 2 ZrCl 2 (3,8-di-t-BuFlu = 3,8-di-tert-butylfluorenyl, Cp = 
cyclopentadienyl) activated with an alumoxane, such as 
methylalumoxane or modified methylalumoxane; 

(18) (p^SiPh^CfCpXS^-di-t-BuFluJHfMej and rac-MejSip-Me^- 
Phlnd^ZrMfr; activated with a non-coordinating anion activator, 
such as N,N-tf meraylaiiiliiuum tetrakis(pentaflourophenyl)boron 
or triphenylcarbonium tetrakis(pentaflourophenyl)boron; 
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(19) (p-Et 3 SiPh) 2 C(Cp)(3,8-di-t-BuFlu)HfCl 2 and rac-Me 2 Si(2- 
MeInd) 2 ZrCl 2 activated with an alumoxane, such as 
methylalumoxane or modified metbylalumoxane; 

(20) (p-Et 3 SiPh) 2 C(Cp)(3 ) 8-di-t-BuFlu)HfMe 2 and rac-Me,Si(2- 
Melnd^ZTMej activated with a non-coordinating anion activator, 
such as N,N-dimemylaniIinium tetrakis(pentaflourophenyl)boron 
or triphenylcarbonium tetrakis(pentaflciurophenyl)boron; 

(21) meso-CHjCH^IndXZrClj and rac-M^Si^md^ZrCl, (Ind = 
indenyl, H 4 Ind = tetrahydroindenyl) activated with an alumoxane, 
such as methylalumoxane or modified methylalumoxane; 

(22) meso-d^CHztlndJjZrMej and rac-MejSi^Ind^&Mej activated 
with a non-coordinating anion activator, such as N,N- 
dimemylariilinium tetrakis(pentaflourophenyl)boron or 
triphenylcarbonium tetrakis(pentaflourophenyl)boron; 

(23) meso-CHjCH^d^ZrClj and rac-Me 2 Si(2-MeInd) 2 ZrCl 2 activated 
with an alumoxane, such as methylalumoxane or modified 
methylalumoxane; 

(24) meso-CH 2 CH 2 (Ind) 2 ZrMe 2 and rac-Me 2 Si(2-MeInd) 2 ZrMe 2 
activated with a non-coordinating anion activator, such as N,N- 
dimethylanilinium tetrakis(pentaflourophenyl)boron or 
triphenylcarbomumtetiakis(pentaflourophenyl)boron; 



WO 2004/046214 



PCT/US2003/032910 



147 

(25) meso-MejSiCInd^ZrClz and rac-MejSi^md^rClj activated with 
an alumoxane, such as methylalumoxane or modified 
methylalumoxane; 

(26) meso-MejSiOndJzZrM^ and rac-MejSiCKytad^ZrM^ activated 
with a non-coordinating anion activator, such as N,N- 
dime%lanilinium tetrakis(pentaflourophenyl)boron or 
triphenylc^boniiuntetralds(pentaflourophenyi)boron; 

(27) meso-MejS^Ind^ZrCli and rac-Me 2 Si(2-MeInd) 2 ZrCl 2 activated 
with an alumoxane, such as methylalumoxane or modified 
methylalumoxane; 

(28) meso-Me 2 Si(Ind) 2 ZrMe 2 and rac-MejSi^-Melnd^ZrMc, activated 
with a non-coonlinating anion activator, such as N,N- 
dimemylanilinium tetrakis(pentafIourophenyl)boron or 
triphenylcarboniumtetrakis(pentaflourophenyl)boron; 

(29) meso-Me 2 Si(2-Me!nd) 2 ZrCl 2 and rac-Me 2 Si(2-Me-4-Phmd) 2 ZrCl 2 
activated with an alumoxane, such as methylalumoxane or 
modified methylalumoxane; 

(30) meso-M^S^-Melnd^ZrMe, and rac-Me 2 Si(2-Me-4-PhInd) 2 ZrMe 2 
activated with a non-coordinating anion activator, such as N,N- 
dimethylanilinium tetrakis(pentaflourophenyl)boron or 
tiiphenylc^boniumtetrakis(pentaflourophenyl)boron; 

(3 1) meso-MejS^-Melnd^ZrCl, and rac-Me^-Melnd^ZrCl, 
activated with an alumoxane, such as methylalumoxane or 
modified methylalumoxane; 
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(32) meso-MejSiC-Melnd^Mej and rac-MejSi^-Melnd^ZrMe, 
activated with a non-coordinating anion activator, such as N,N- 
dimethylanilinium tetrakis(pentaflouropheny])boron or 
triphenylcarboniurntetrakis(pentaflourophenyl)boron; 

(33) meso-CH 2 CH 2 (2-MeInd) 2 ZrCl 2 and rac-M^Si^-Me-^- 
Phlnd^rC^ activated with an alumoxane, such as 
methylalumoxane or modified methylalumoxane; 

(34) meso-CH 2 CH 2 (2-MeInd) 2 ZrMe 2 and rac~M^Si(2-Me-4- 
PhInd) 2 ZrMe2 activated with a non-coordinating anion activator, 
such as N^-dimethylanilinium tetrakis(pentaflourophenyl)boron 
or triphenylcarbonium tetrakis(pentaflourophenyl)boron; 

(35) meso-CH 2 CH 2 (2-Melnd) 2 ZrCl 2 and rac-Me 2 Si(2-MeInd) 2 ZrCl 2 
activated with an alumoxane, such as methylalumoxane or 
modified methylalumoxane; 

(36) meso-CHjC^-Melnd^ZrMe^ and rac-Me 2 Si(2-MeInd) 2 ZrMe 2 
activated with a non-coordinating anion activator, such as N,N- 
dimethylaniliniiim tetraJris(pentaflourophenyl)boron or 
triphenylcarbonium tetrakisQ)entaflourophenyl)boron; 

(37) meso-MejS^-Me^-Phlnd^Clj and rac-MejSi^-Me^- 
PhInd) 2 ZrCl 2 activated with an alumoxane, such as 
methylalumoxane or modified methylalumoxane; 

(38) meso-Me 2 Si(2-Me-4-PhInd) 2 ZrMe 2 and rac-Me^i^-Me-^ 
Phlnd^ZrMej activated with a non-coordinating anion activator, 
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such as N,N-dimethylanilinium tetrakis(pentaflourophenyl)boron 
or triphenylcarbonium tetraMs(pentaflouroplienyI)boron; 

(39) meso-C^CH^-Me-^PMnd^Clj and rac-CH 2 CH 2 (2-Me-4- 
Pblnd^ZrClj activated with an alumoxane, such as 
methylalumoxane or modified methylalumoxane; 

(40) meso-CH 2 CH 2 (2-Me-4-PbInd)2ZrMe 2 and rac-CH J CH 2 (2-Me-4- 
Phlnd^ZrM&j activated with a non-coordinating anion activator, 
such as N,N-dime1hylanilinium tetrakis(pentaflourophenyl)boron 
or triphenylcarbonium tetrakis(pentaflourophenyl)boron; 

(41) meso-CHjCH^-Melnd^ZrClj and rac-CH 2 CH 2 (2-MePhInd) 2 ZrCl 2 
activated with an alumoxane, such as methylalumoxane or 
modified methylalumoxane; 

(42) meso-CHjCH^-Melnd^ZrMe, and rac-CH.CH^-MelndJ.ZrMej 
activated with a non-coordinating anion activator, such as N,N- 
dimethylanilinium tetrakis(pentaflourophenyl)boron or 
triphenylcarbonium tetrakis(pentafiourophenyl)boron; 

(43) meso-CH 2 CH 2 (Ind)jZrCl 2 and rac-CH 2 CH2(Ind) 2 ZrCl 2 activated 
with an alumoxane, such as methylalumoxane or modified 
methylalumoxane; 

(44) meso-CH 2 CH 2 (Ind) 2 ZrMe 2 and rac-CHzCHjMjZrMej activated 
with a non-coordinating anion activator, such as N,N- 
dimethylanilinium tetrakis(pentaflourophenyl)boron or 
triphenylcarbonium tetrakis(pentaflourophenyl)boron; 
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(45) meso-M^Siffcd^ZrClz and rac-MejSiClnd^ZrClz activated with an 
aiumoxane, such as methylalumoxane or modified 
methylalumoxane; 

(46) meso-MejjSiCtnd^ZrM&j and raoM^SitJnd^ZrMe;, activated with a 
non-coordinating anion activator, such as N,N-d^emylaniIiruum 
tetrakis(pentaflourophenyl)boron or triphenylcarbonium 
tetraMs(penMourophenyl)boron; 

(47) meso-CHjC^CInd^ZrClj and rac-CH^H^^-Me^Ind^rClj (4,7- 
Mejnd = 4,7-dimethylindenyl) activated with an aiumoxane, such 
as methylalumoxane or modified methylalumoxane; 

(48) meso-CHzCHzCtndJjZrMez and rac-CHjCH^J-MejInd^ZrMej 
activated with a non-coordinating anion activator, such as N,N- 
dimemylanilinium tetrakis(pentaflourophenyl)boron or 
triphenylcarbonium tetralds(pentaflourophenyl)boron; 

(49) meso-MejSiOnd^ZrClz and rac-CH 2 CH 2 (4,7-Me2lnd) 2 ZrCl 2 
activated with an aiumoxane, such as methylalumoxane or 
modified methylalumoxane; 

(50) meso-MejSitlnd^ZrMej and rac-CH 2 CH z (4,7-Me2lnd) 2 ZrMe2 
activated with a non-coord'inating anion activator, such as N,N- 
dimemylanilmium tetrakis(pentaflourophenyl)boron or 
triphenylcarbomumtetrakis(pentaflourophenyl)boron; 

(51) meso-CH^H^-Melnd^ZrCl, and rac-CHjCH^J-Me^d^ZrClj 
(4,7-Me2lnd = 4,7-dimethylindenyl) activated with an aiumoxane, 
such as methylalumoxane or modified methylalumoxane; 
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(52) meso-CHjCH^-Melnd^ZrMea and rac-CH 2 CH 2 (4,7- 
Me 2 Ind) 2 ZrMe 2 activated with a non-coordinating anion activator, 
such as N.N-dimethylanilinium tetrakis(pentaflourophenyl)boron 
or triphenylcarbonium tetrakis(pentaflourophenyl)boron; 

(53) meso-MejS^-Melnd^az and rac-CH^H^ J-Me 2 Ind) 2 ZrCl 2 
activated with an alumoxane, such as methylalumoxane or 
modified methylalumoxane; and 

(54) meso-Me 2 Si(2-MeInd) 2 ZrMe 2 and rac-CH 2 CH 2 (4,7-Me 2 Ind) 2 ZrMe 2 
activated with a non-coordinating anion activator, such as N,N- 
dimethylanilinium tetrakis(pentaflourophenyl)boron or 
triphenylcarbonium tetrakis(pentaflourophenyl)boron. 

[00213] The two transition metal compounds (pre-catalysts) may be used in 
any ratio. Preferred molar ratios of (A) transition metal compound to produce 
amorphous polymer to (B) transition metal compound to produce crystalline 
polymer fall within the range of (A:B) 1:1000 to 1000:1, alternatively 1:100 to 
500:1, alternatively 1:10 to 200:1, alternatively 1:1 to 100:1, and alternatively 1:1 
to 75:1, and alternatively 5:1 to 50:1. The particular ratio chosen will depend on 
the exact pre-catalysts chosen, the method of activation, and the end product 
desired. In a particular embodiment, when using the two pre-catalysts (A- 
"amorphous polymer producing precatalyst" and B-"crystalline polymer 
producing catalyst"), where both are activated with the same activator, the 
preferred mole percents, based upon the molecular weight of the pre-catalysts, are 
10 to 99.9% A to 0.1 to 90%B, alternatively 25 to 99% A to 0.5 to 50% B, 
alternatively 50 to 99% A to 1 to 25% B, and alternatively 75 to 99% A to 1 to 
10%B. 
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[002141 In general the combined pre-catalyst compounds and the activator 
are combined in ratios of about 1:10,000 to about 10:1. When alumoxane or 
aluminum alkyl activators are used, the combined pre-catalyst-to-activator molar 
ratio is from 1:5000 to 10:1, alternatively from 1:1000 to 10:1; alternatively, 1:500 
to 2:1; or 1:300 to 1:1. When ionizing activators are used, the combined pre- 
catalyst-to-activator molar ratio is from 10:1 to 1:10; 5:1 to 1:5; 2:1 to 1:2; or 
1.2:1 to 1:1. Multiple activators may be used, including using mixes of 
alumoxanes or aluminum alkyls with ionizing activators. 

[00215] In another preferred embodiment a third catalyst (pre-catalyst plus 
activator) is present in the processes described above. The third catalyst may be 
any of the pre-catalyst components listed herein. Preferred third pre-catalysts 
include those that are capable of producing waxes. Preferred examples include: 
rac-dimethylsilylbis(4,7-dimethylmdenyl) hafnium dichloride, rac- 
dimemylsUylbis(4,7-dimethylindenyl) hamium dimethyl, rac-dimethylsilylbis(4 ) 7- 
dimethylindenyl) zirconium dichloride, rac-dimetbylsilylbi^ 
zirconium dimethyl, rac-dimethylsilylbis(indenyl) hafnium dichloride, rac- 
dimethylsilylbis(indenyl) hafnium dimethyl, rac-dimethylsilylbis(indenyl) 
zirconium dichloride, rac-dimethylsilylbis(indenyl) zirconium dimethyl, rac- 
dimethylsilylbis(tetrahydroindenyl) hafnium dichloride, rac- 
dimethylsilylbis(tetrahydroindenyl) hafnium dimethyl, rac- 
dimethylsilylbis(tetrahydroindenyl) zirconium dichloride, rac- 
dimethylsilylbis(tetrahydroindenyl) zirconium dimethyl, rac-diphenylsilylbis(4,7- 
dunethylindenyl) hafnium dichloride, ra(>diphenylsilylbis(4,7-dimethylindenyl) 
hafnium dimethyl, rac-diphenylsilylbis(4,7-dime1hylindenyl) zirconium 
dichloride, rac-diphenylsnylbis(4,7-dimethylindenyl) zirconium dimethyl, rac- 
diphenylsilylbis(indenyl) hafnium dichloride, rac-diphenylsilylbis(indenyl) 
hafnium dimethyl, 

rac-diphenylsilylbis(indenyl) zirconium dichloride, rac-diphenylsilylbis(indenyl) 
zirconium dimethyl, rac^ipheaylsaylbis(tetrahydroindenyl) hafnium dichloride, 
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rac-diphenylsilylbis(tetrahydroindeayl) hafnium dimethyl, rac- 
diphenylsilylbis(tetiahydroindenyl) zirconium dichloride, rac- 
diphenylsilyIbis(tetrahydroindenyl) zirconium dimethyl, rac- 
memylphenylsUylbis(4,7-dmethylindenyl) hafnium dichloride, rac- 
methylphenylsilylbis(4,7-dimethylindenyl) harhium dimethyl, rac- 
methylphenylsUylbis(4 s 7-dimethylindenyl) zirconium dichloride, rac- 
methylphenylsilylbis(4,7-dimethylindenyl) zirconium dimethyl, rac- 
methylphenylsilylbis(indenyl) hafnium dichloride, rac- 
methylphenylsilylbis(indenyl) hafnium dimethyl, rac- 
methylphenylsilylbis(indenyl) zirconium dichloride, rac- 
methylphenylsilylbis(indenyl) zirconium dimethyl, rac- 
memylphenylsUylbis(tetrahydroindenyl) hafhium dichloride, rac- 
methylphenylsilylbis(tetrahydroindenyl) hafhium dimethyl, rac- 
methylphenylsilylbis(tetrahydroindenyl) zirconium dichloride, rac- 
methylphenylsilylbis(tetrahydroindenyl) zirconium dimethyl, rac-ethylenebis(4 ) 7- 
dimethylindenyl) hafhium dichloride, rac^mylenebis(4,7^imethylindenyl) 
hafhium dimethyl, rac^ylenebis(4,7-dnnethylindenyl) zirconium dichloride, 
rac-emylenebis(4,7-dimethylindenyl) zirconium dimethyl, rac- 
ethylenebis(indenyl) hafhium dichloride, rac-ethylenebis(indenyl) hafhium 
dimethyl, raoethylenebis(indenyl) zirconium dichloride, rac-ethylenebis(indenyl) 
zhconium dimethyl, rac-ethylenebis(tetrahydroindenyl) hafhium dichloride, rac- 
ethylenebis(tetrahydroindenyl) hafnium dimethyl, rac- 
ethylenebis(tetrahydroindenyl) zirconium dichloride, and 
rac-emylenebis(t^ahydroindenyl) zirconium dimethyl 

[00216] Three transition metal compounds (pre-catalysts) may be used in 
any ratio. Preferred molar ratios of (A) transition metal compound to produce 
amorphous polypropylene to (B) transition metal compound to produce crystalline 
polypropylene to (C) transition metal compound to produce wax fall within the 
range of (A:B:C) 1:1000:500 to 1000:1:1, alternatively 1:100:50 to 500:1:1, 
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alternatively 1:10:10 to 200:1:1, alternatively 1:1:1 to 100:1:50, and alternatively 
1:1:10 to 75:1:50, and alternatively 5:1:1 to 50:1:50. The particular ratio chosen 
will depend on the exact pre-catalysts chosen, the method of activation, and the 
end product desired. 

[00217J Additional preferred catalysts and process are described in US 
Patents 6,376,410 and 6,380,122, which are incorporated by reference herein. 

[00218] In another embodiment the catalyst compositions of this invention 
include a support material or carrier. For example, the one or more catalyst 
components and/or one or more activators may be deposited on, contacted with, 
vaporized with, bonded to, or incorporated within, adsorbed or absorbed in, or on, 
one or more supports or carriers. 

[00219] The support material is any of the conventional support materials. 
Preferably the supported material is a porous support material, for example, talc, 
inorganic oxides and inorganic chlorides. Other support materials include 
resinous support materials such as polystyrene, functionalized or crosslinked 
organic supports, such as polystyrene divinyl benzene polyolefins or polymeric 
compounds, zeolites, clays, or any other organic or inorganic support material and 
the like, or mixtures thereof. 

[00220] The preferred support materials are inorganic oxides that include 
those Group 2, 3, 4, 5, 13 or 14 metal oxides. The preferred supports include 
silica, which may or may not be dehydrated, fumed silica, alumina (WO 
99/60033), sihca-alunoina and mixtures thereof. Other useful supports include 
magnesia, titania, zirconia, magnesium chloride (U.S. Patent No. 5,965,477), 
montmorillonite (European Patent EP-B1 0 511 665), phyllosilicate, zeolites, talc, 
clays (U.S. Patent No. 6,034,187) and the like. Also, combinations of these 
support materials may be used, for example, silica-chromium, silica-alumina, 
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silica-titania and the like. Additional support materials may include those porous 
acrylic polymers described in EP 0 767 184 Bl, which is incorporated herein by 
reference. Other support materials include nanocomposites as described in PCT 
WO 99/47598, aerogels as described in WO 99/48605, spherulites as described in 
U.S. Patent No. 5,972,5 10 and polymeric beads as described in WO 99/5031 1, 
which are all herein incorporated by reference. 

[00221] It is preferred that the support material, most preferably an 
inorganic oxide, has a surface area in the range of from about 10 to about 700 
m 2 /g, pore volume in the range of from about 0.1 to about 4.0 cc/g and average 
particle size in the range of from about 5 to about 500 urn. More preferably, the 
surface area of the support material is in the range of from about 50 to about 500 
m 2 /g, pore volume of from about 0.5 to about 3.5 cc/g and average particle size of 
from about 10 to about 200 urn. Most preferably the surface area of the support 
material is in the range is from about 100 to about 400 m.2/g, pore volume from 
about 0.8 to about 3.0 cc/g and average particle size is from about 5 to about 100 
um. The average pore size of the carrier useful in the invention typically has pore 
size in the range of from 10 to 1000A, preferably 50 to about 500A, and most 
preferably 75 to about 350A. 

[00222] As is well known in the art, the catalysts may also be supported 
together on one inert support, or the catalysts may be independently placed on two 
inert supports and subsequently mixed. Of the two methods, the former is 
preferred. 

[00223] In another embodiment the support may comprise one or more 
types of support material which may be treated differently. For example one 
could use tow different silicas that had different pore volumes or had been 
calcined at different temperatures. Likewise one could use a silica that had been 
treated with a scavenger or other additive and a silica that had not. 
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[00224] The stereospecific catalysts may be used to prepare macromonomer 
having a Mw of 100,000 or less and a crystallinity of 30% or more preferably 
having vinyl termini. 

[00225] As a specific example, a method for preparing propylene-based 
macromonomers having a high percentage of vinyl terminal bonds involves: 

a) contacting, in solution, propylene, optionally a minor amount of 
copolymerizable monomer, with a catalyst composition containing 
the stereorigid, activated transition metal catalyst compound at a 
temperature from about 80°C. to about 140°C; and 

b) recovering isotactic or syndiotactic polypropylene chains having 
number average molecular weights of about 2,000 to about 30,000 
Daltons. 

[00226] Preferably, the solution comprises a hydrocarbon solvent. More 
preferably, the hydrocarbon solvent is aliphatic or aromatic. Also, the propylene 
monomers are preferably contacted at a temperature from 90°C. to 120°C. More 
preferably, a temperature from 95°C to 1 15°C is used. Most preferably, the 
propylene monomers are contacted at a temperature from 100°C to 1 10°C. 
Reactor pressure generally can vary from atmospheric to 345 MPa, preferably to 
1 82 MPa. The reactions can be run in batch or in continuous mode. Conditions 
for suitable slurry-type reactions will also be suitable and are similar to solution 
conditions, the polymeri2ation typically being run in liquid propylene under 
pressures suitable to such. 

[00227] The catalyst pair selection criteria were discussed earlier. One 
catalyst typically is stereospecific with the ability to produce significant 
population of vinyl-terminated macromonomers, the other typically is a specific 
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and capable of incorporating the reactive macromonomers. In general it is 
believed that C2 symmetric bulky ligand metallocene catalysts can produce vinyl 
tenninated isotactic polypropylene macromonomers. Catalysts that favor 
betamethyl-elimination also often appear to also favor isotactic polypropylene 
macromonomer formation. Rac-dimethylsilyl bis(indenyl)hafhium dimethyl, 
dimethylsilyl bis(2-methyl-4-phenylindenyl) zkconium dichloride, and rac- 
ethylene bis(4 J-dimethylindenyl) hafnium dimethyl are catalysts capable of 
producing isotactic polypropylene having high vinyl chain termination for use in 
this invention. High temperatures, typically above 80°C, appear to positively 
influence vinyl termination. Likewise, MejSifMe^XN-c-C^H^TiMej and 
MejSiCMe^CN-c-CuHjaJTiMej produce amorphous polypropylene useful in this 
invention and are believed to incorporate the vinyl terminated macromonomers to 
also produce a grafted structure of scPP side chains on an amorphous backbone. 

[00228] In alternate embodiments dienes such as 1,9-decadiene are 
introduced into the reaction zone to promote the production of vmyl-terminated 
aPP and scPP macromonomers that help increase the population of branch-block 
species. 

Polymerization Processes 

[00229] The catalysts and catalyst systems described above are suitable for 
use in a solution, bulk, gas or slurry polymerization process or a combination 
thereof, preferably solution phase or bulk phase polymerization process. 

[00230] In one embodiment, this invention is directed toward the solution, 
bulk, slurry or gas phase polymerization reactions involving the polymerization of 
one or more of monomers having from 3 to 30 carbon atoms, preferably 3-12 
carbon atoms, and more preferably 3 to 8 carbon atoms. Preferred monomers 
include one or more of propylene, butene-1, pentene-1, 4-methyl-pentene-l , 
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hexene-1, octane- 1, decene-1, 3-methyl-pentene-l, and cyclic olefins or a 
combination thereof. Other monomers can include vinyl monomers, diolefins 
such as dienes, polyenes, norbornene, norbornadiene, vinyl norbornene, ethylidene 
norbornene monomers. Preferably a homopolymer or copolymer of propylene is 
produced. In another embodiment, both a homopolymer of propylene and a 
copolymer of propylene and one or more of the monomers listed above are 
produced. 

[00231] One or more reactors in series or in parallel may be used in the 
present invention. Catalyst component and activator may be delivered as a 
solution or slurry, either separately to the reactor, activated in-line just prior to the 
reactor, or preactivated and pumped as an activated solution or slurry to the 
reactor. A preferred operation is two solutions activated in-line. For more 
information on methods to introduce multiple catalysts into reactors, please see 
US 6,399,722, and WO0130862A1. While these references may emphasize gas 
phase reactors, the techniques described are equally applicable to other types of 
reactors, including continuous stirred tank reactors, slurry loop reactors and the 
like. Polymerizations are carried out in either single reactor operation, in which 
monomer, comonomers, catalyst/activator, scavenger, and optional modifiers are 
added continuously to a single reactor or in series reactor operation, in which the 
above components are added to each of two or more reactors connected in series. 
The catalyst components can be added to the first reactor in the series. The 
catalyst component may also be added to both reactors, with one component being 
added to first reaction and another component to other reactors. 

[00232] Tn one embodiment 500 ppm or less of hydrogen is added to the 
polymerization, or 400ppm or less, or 300 ppm or less. In other embodiments at 
least 50 ppm of hydrogen is added to the polymerization, or 100 ppm or more, or 
150 ppm or more. 
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Gas phase polymerization 

[00233] Generally, in a fhiidized gas bed process used for producing 
polymers, a gaseous stream containing one or more monomers is continuously 
cycled through a fluidized bed in the presence of a catalyst under reactive 
conditions. The gaseous stream is withdrawn from the fluidized bed and recycled 
back into the reactor. Simultaneously, polymer product is withdrawn from the 
reactor and fresh monomer is added to replace the polymerized monomer. (See for 
example U.S. Patent Nos. 4,543,399, 4,588,790, 5,028,670, 5,317,036, 5,352,749, 
5,405,922, 5,436,304, 5,453,471, 5,462,999, 5,616,661 and 5,668,228 all of which 
are fully incorporated herein by reference.) 

Slurry phase polymerization 

[00234] A slurry polymerization process generally operates between 1 to 
about 50 atmosphere pressure range (15 psi to 735 psi, 103 kPa to 5068 kPa) or 
even greater and temperatures in the range of 0°C to about 120°C. In a slurry 
polymerization, a suspension of solid, particulate polymer is formed in a liquid 
polymerization diluent medium to which monomer and comonomers along with 
catalyst are added. The suspension including diluent is intermittently or 
continuously removed from the reactor where the volatile components are 
separated from the polymer and recycled, optionally after a distillation, to the 
reactor. The liquid diluent employed in the polymerization medium is typically an 
alkane having from 3 to 7 carbon atoms, preferably a branched alkane. The 
medium employed should be liquid under the conditions of polymerization and 
relatively inert. "When a propane medium is used the process must be operated 
above the reaction diluent critical temperature and pressure. Preferably, a hexane 
or an isobutane medium is employed. 
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[00235] In one embodiment, a preferred polymerization technique useful in 
the invention is referred to as a particle form polymerization, or a slurry process 
where the temperature is kept below the temperature at which the polymer goes 
into solution. Such technique is well known in the art, and described in for 
instance U.S. Patent No. 3,248,179 which is fully incorporated herein by 
reference. The preferred temperature in the particle form process is within the 
range of about 85°C to about 110°C. Two preferred polymerization methods for 
the slurry process are those employing a loop reactor and those utilizing a plurality 
of stirred reactors in series, parallel, or combinations thereof. Non-limiting 
examples of slurry processes include continuous loop or stirred tank processes. 
Also, other examples of slurry processes are described in U.S. Patent No. 
4,613,484, which is herein fully incorporated by reference. 

[00236] In another embodiment, the slurry process is carried out 
continuously in a loop reactor. The catalyst, as a slurry in isobutane or as a dry 
free flowing powder, is injected regularly to the reactor loop, which is itself filled 
with circulating slurry of growing polymer particles in a diluent of isobutane 
containing monomer and comonomer. Hydrogen, optionally, may be added as a 
molecular weight control. (In one embodiment 500 ppm or less of hydrogen is 
added, or 400 ppm or less or 300 ppm or less. In other embodiments at least 50 
ppm of hydrogen is added, or 100 ppm or more, or 150 ppm or more.) 

[00237] The reactor is maintained at a pressure of 3620 kPa to 4309 kPa 
and at a temperature in the range of about 60 °C to about 104 °C depending on the 
desired polymer melting characteristics. Reaction heat is removed through the 
loop wall since much of the reactor is in the form of a double-jacketed pipe. The 
slurry is allowed to exit the reactor at regular intervals or continuously to a heated 
low pressure flash vessel, rotary dryer and a nitrogen purge column in sequence 
for removal of the isobutane diluent and all unreacted monomer and comonomers. 
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The resulting hydrocarbon free powder is then compounded for use in various 
applications. 

[00238] In another embodiment, the reactor used in the slurry process 
useful in the invention is capable of and the process useful in the invention is 
producing greater than 2000 lbs. of polymer per hour (907 Kg/hr), more preferably 
greater than 5000 lbs./hr (2268 Kg/hr), and most preferably greater than 10,000 
lbsAr (4540 Kg/hr). In another embodiment the slurry reactor used in the process 
useful in the invention is producing greater than 15,000 lbs. of polymer per hour 
(6804 Kg/hr), preferably greater than 25,000 lbs./hr (1 1,340 Kg/hr) to about 
100,000 lbs./hr (45,500 Kg/hr). 

[00239] In another embodiment in the slurry process useful in the invention 
the total reactor pressure is in the range of from 400 psig (2758 kPa) to 800 psig 
(5516 kPa), preferably 450 psig (3103 kPa) to about 700 psig (4827 kPa), more 
preferably 500 psig (3448 kPa) to about 650 psig (4482 kPa), most preferably 
from about 525 psig (3620 kPa) to 625 psig (4309 kPa). 

[00240] In yet another embodiment in the slurry process useful in the 
invention the concentration of predominant monomer in the reactor liquid medium 
is in the range of from about 1 to 10 weight percent, preferably from about 2 to 
about 7 weight percent, more preferably from about 2.5 to about 6 weight percent, 
most preferably from about 3 to about 6 weight percent 

[00241] Another process useful in the invention is where the process, 
preferably a slurry process is operated in the absence of or essentially free of any 
scavengers, such as triefoylaluminum, trimethylaluminum, tri-isobutylaluminum 
and tri-n-hexylaluminum and diethyl aluminum chloride, dibutyl zinc and the like. 
This process is described in PCT publication WO 96/08520 and U.S. Patent No. 
5,712,352, which are herein fully incorporated by reference. 
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[00242] In another embodiment the process is run with scavengers. Typical 
scavengers include trimethyl aluminum, tri-isobutyl aluminum and an excess of 
alumoxane or modified alumoxane. 

Homogeneous, bulk, or solution phase polymerization 

[00243] The catalysts described herein can be used advantageously in 
homogeneous solution processes. Generally this involves polymerization in a 
continuous reactor in which the polymer formed and the starting monomer and 
catalyst materials supplied, are agitated to reduce or avoid concentration gradients. 
Suitable processes operate above the melting point of the polymers at high 
pressures, from 1 to 3000 bar (10-30,000 MPa), in which the monomer acts as 
diluent or in solution polymerization using a solvent. 

[00244] Temperature control in the reactor is obtained by balancing the heat 
of polymerization with reactor cooling by reactor jackets or cooling coils to cool 
the contents of the reactor, auto refrigeration, pre-chilled feeds, vaporization of 
liquid medium (diluent, monomers or solvent) or combinations of all three. 
Adiabatic reactors with pre-chilled feeds may also be used. The reactor 
temperature depends on the catalyst used. In general, the reactor temperature 
preferably can vary between about 30°C and about 160°C, more preferably from 
about 90°C to about 150°C, and most preferably from about 100°C to about 
140°C. Polymerization temperature may vary depending on catalyst choice. For 
example a limine Ni catalyst may be used at 40°C, while a metallocene Ti 
catalyst can be used at 100°C or more. In series operation, the second reactor 
temperature is preferably higher than the first reactor temperature. In parallel 
reactor operation, the temperatures of the two reactors are independent. The 
pressure can vary from about 1 mm Hg to 2500 bar (25,000 MPa), preferably from 
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0.1 bar to 1 600 bar (1-16,000 MPa), most preferably from 1 .0 to 500 bar (1 0- 
SOOOMPa). 

[00245] In one embodiment 500 ppm or less of hydrogen is added to the 
polymerization, or 400 ppm or less or 300 ppm or less. In other embodiments at 
least 50 ppm of hydrogen is added to the polymerization, or 100 ppm or more, or 
150 ppm or more. 

[00246] Each of these processes may also be employed in single reactor, 
parallel or series reactor configurations. The liquid processes comprise contacting 
olefin monomers with the above described catalyst system in a suitable diluent or 
solvent and allowing said monomers to react for a sufficient time to produce the 
desired polymers. Hydrocarbon solvents are suitable, both aliphatic and aromatic. 
Alkanes, such as hexane, pentane, isopentane, and octane, are preferred. 

[00247] The process can be carried out in a continuous stirred tank reactor, 
batch reactor or plug flow reactor, or more than one reactor operated in series or 
parallel. These reactors may have or may not have internal cooling or heating and 
the monomer feed may or may not be refrigerated. See the general disclosure of 
U.S. patent 5,001,205 for general process conditions. See also, international 
application WO 96/33227 and WO 97/22639. All documents are incorporated by 
reference for US purposes for description of polymerization processes, 
metallocene selection and useful scavenging compounds. 

[00248] This invention further relates to a continuous process to prepare an 
adhesive comprising: 

1) combining monomer, optional solvent, catalyst and activator in a 
reactor system, 

2) withdrawing polymer solution from the reactor system, 

3) removing at least 1 0% solvent, if present, from the polymer 
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solution, 

4) quenching the reaction, 

5) devolatilizing the polymer solution to form molten polymer, 

6) combining the molten polymer and one or more additives (such as those 
described below) in a mixer, such as a static mixer,(in a preferred 
embodiment tackifier is not added or is added in amounts of less 
than 30 weight%, preferably less than 20 weight%, more preferably 
in amounts of less than 10 weight%), 

7) removing the polymer combination from the mixer, and 

8) pelletizing or dmmming the polymer combination; 

where step 1) comprises any of the processes described above. 

[00249] In another embodiment this invention relates to a continuous 
process to prepare an adhesive comprising: 

1 ) combining monomer, optional solvent, catalyst and activator in a 
reactor system, 

2) withdrawing polymer solution from the reactor system, 

3) removing at least 1 0% solvent, if present, from the polymer 
solution, 

4) quenching the reaction, 

5) devolatilizing the polymer solution to form molten polymer, 

6) combining the molten polymer and one or more additives in a 
mixer, such as a static mixer, 

7) removing the polymer combination from the mixer, and 

8) pelletizing or drumming the polymer combination. 



[00250] In a particularly preferred embodiment, this invention relates to a 
continuous process to make an adhesive comprising 
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1) selecting a first catalyst component capable of producing a polymer 
having an Mw of 1 00,000 or less and a crystallinity of 20% or less 
under selected polymerization conditions; 

2) selecting a second catalyst component capable of producing 
polymer having an Mw of 100,000 or less and a crystallinity of 
40% or more at the selected polymerization conditions; 

3) contacting, in a solvent and in a reaction zone under the selected 
polymerization conditions, the catalyst components in the presence 
of or© or more activators with one or more C3 to C40 olefins, and, 
optionally one or more diolefins; 

4) at a temperature of greater than 1 00°C; 

5) at a residence time of 120 minutes or less (preferably 60 to 120 
minutes); 

6) wherein the ratio of the first catalyst to the second catalyst is from 
1:1 to 50:1; 

7) wherein the activity of the catalyst components is at least 50 
kilograms of polymer per gram of the catalyst components*; and 
wherein at least 20% of the olefins are converted to polymer; 

8) withdrawing polymer solution from the reaction zone; 

9) removing at least 1 0% solvent from the polymer solution; 

1 0) quenching the reaction; 

1 1) devolatilizing the polymer solution to form molten polymer; 

12) combining the molten polymer and one or more additives in a 
mixer, such as a static mixer; 

1 3) removing the polymer combination from the mixer; and 

14) pelletizing or dramming Ihe polymer combination. 



[00251] In a particularly preferred embodiment, this invention relates to a 
continuous process to make an adhesive comprising 
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1 ) selecting a first catalyst component capable of producing a polymer 
having an Mw of 100,000 or less and a crystallinity of 20% or less 
under selected polymerization conditions; 

2) selecting a second catalyst component capable of producing 
polymer having an Mw of 1 00,000 or less and a crystallinity of 
40% or more at the selected polymerization conditions; 

3) contacting, in a solvent and in a reaction zone under the selected 
polymerization conditions, the catalyst components in the presence 
of one or more activators with one or more C3 to C40 olefins, and, 
optionally one or more diolefins; 

4) at a temperature of greater than 1 00°C; 

5) at a residence time of 1 20 minutes or less; 

6) wherein the ratio of the first catalyst to the second catalyst is from 
1:1 to 50:1; 

7) wherein the activity of the catalyst components is at least 50 
kilograms of polymer per gram of the catalyst components; and 
wherein at least 50% of the olefins are converted to polymer; 

8) withdrawing polymer solution from the reaction zone; 

9) removing at least 10% solvent from the polymer solution; 

10) quenching the reaction; 

11) forming molten polymer 

where the polymer comprises one or more C3 to C40 olefins, and 
less than 50 mole % of ethylene, and where the polymer has: 

a) a Dot T-Peel of 1 Newton or more; and 

b) a branching index (g') of 0.95 or less measured at the Mz of 
the polymer; and 

c) an Mw of 100,000 or less; and 

12) combining the molten polymer and one or more additives in a 
mixer, such as a static mixer; 

13) removing the polymer combination from the mixer; and 



WO 2004/046214 



PCT/US2003/032910 

167 



1 4) peHetizing or drumming the polymer combination. 

[00252] In a particularly preferred embodiment, this invention relates to a 
continuous process to make an adhesive comprising 

1) selecting a first catalyst component capable of producing a polymer 
having an Mw of 100,000 or less and a crystallinity of 20% or less 
under selected polymerization conditions; 

2) selecting a second catalyst component capable of producing 
polymer having an Mw of 100,000 or less and a crystallinity of 
40% or more at the selected polymerization conditions; 

3) contacting, in a solvent and in a reaction zone under the selected 
polymerization conditions, the catalyst components in the presence 
of one or more activators with one or more C3 to C40 olefins, and, 
optionally one or more diolefins; 

4) at a temperature of greater than 1 00°C; 

5) at a residence time of 120 minutes or less; 

6) wherein the ratio of the first catalyst to the second catalyst is from 
1:1 to 50:1; 

7) wherein the activity of the catalyst components is at least 50 
kilograms of polymer per gram of the catalyst components; and 
wherein at least 50% of the olefins are converted to polymer; 

8) withdrawing polymer solution from the reaction zone; 

9) removing at least 1 0% solvent from the polymer solution; 

1 0) quenching the reaction; 

11) forming molten polymer 

where the polymer comprises one or more C3 to C40 olefins 
(preferably propylene), and less than 50 mole % of ethylene, 
and where the polymer has: 

a) a Dot T-Peel of 3 Newton or more; and 

b) a branching index (g 1 ) of 0.90 or less measured at the Mz of 
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the polymer; and 

c) anMwof30,000orless; 

d) a peak melting point between 60 and 1 90°C, 

e) a Heat of fusion of 1 to 70 J/g, 

f) a melt viscosity of 8000 mPa»sec or less at 1 90°C; and 

12) combining the molten polymer and one or more additives in a 
mixer, such as a static mixer; 

13) removing the polymer combination from the mixer; and 

1 4) pelletizing or dramming the polymer combination. 

[00253] In another embodiment this invention relates to a continuous 
process to prepare an adhesive comprising: 

1) " combining monomer, catalyst and activator in a reactor system, 

2) withdrawing polymer from the reactor system, 

3) quenching the reaction, . 

4) forming molten polymer, 

5) combining the molten polymer and one or more additives, and 

6) ' peUetizing or drumming the polymer combination. 

Formulations of the polymers 

[00254] The polymers produced herein then can be used directly as an 
adhesive or blended with other components to form an adhesive. 

[00255] Tackifiers are typically not needed with the polymers of this 
invention. However if tackifier is desired, the tackifiers that may be blended with 
the polymers described above are those typically used in the art Examples 
include, but are not limited to, aliphatic hydrocarbon resins, aromatic modified 
aliphatic hydrocarbon resins, hydrogenated polycyclopentadiene resins, 
polycyclopentadiene resins, gum rosins, gum rosin esters, wood rosins, wood 
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rosin esters, tall oil rosins, tall oil rosin esters, polyterpenes, aromatic modified 
polyterpenes, terpene phenolics, aromatic modified hydrogenated 
polycyclopentadiene resins, hydrogenated aliphatic resin, hydrogenated aliphatic 
aromatic resins, hydrogenated terpenes and modified terpenes, and hydrogenated 
rosin esters. In some embodiments the tackifier is hydrogenated. In other 
embodiments the tackifier is non-polar. (Non-polar meaning that the tackifier is 
substantially free of monomers having polar groups. Preferably the polar groups 
are not present, however if they are preferably they are not present at more that 5 
weight %, preferably not more that 2 weight %, even more preferably no more 
than 0.5 weight %.) In some embodiments the tackifier has a softening point 
(Ring and Ball, as measured by ASTM E-28) of 80 °C to 150 °C, preferably 100 
°Ctol30 a C. 

[00256] The tackifier, if present, is typically present at about 1 weight % to 
about 80 weight %, based upon the weight of the blend, more preferably 2 weight 
% to 40 weight %, even more preferably 3 weight % to 30 weight %. 

[00257] Preferred hydrocarbon resins for use as tackifiers or modifiers 
include: 

1 . Resins such as C5/C6 terpene resins, styrene terpenes, alpha-methyl 
styrene terpene resins, C9 terpene resins, aromatic modified C5/C6, 
aromatic modified cyclic resins, aromatic modified dicyclopentadiene 
based resins or mixtures thereof Additional preferred resins include those 
described in WO 91/07472, US 5,571,867, US 5,171,793 and US 
4,078,132. Typically these resins are obtained from the cationic 
polymerization of compositions containing one or more of the following 
monomers: C5 diolefins (such as 1-3 pentadiene, isoprene, etc); C5 olefins 
(such as 2- methylbutenes, cyclopentene, etc.); C6 olefins (such as 
hexene), C9 vinylaromatics (such as styrene, alpha methyl styrene, 
vinyltoluene, indene, methyl indene, etc. ); cyclics (such as 
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dicyclopentadiene, methyldicyclopentadiene, etc.); and or terpenes (such 
as limonene, carene, etc). 

2. Resins obtained by the thermal polymerization of dicyclopentadiene, 
and/or the thermal polymerization of dimers or oligomers of 
cyclopentadiene and /or methylcyclopentadiene, optionally with 
vinylaromatics (such as styrene, alpha-methyl styrene, vinyl toluene, 
indene, methyl indene). 

[00258] The resins obtained after polymerization and separation of 
unreacted materials, can be hydrogenated if desired. Examples of preferred resins 
include those described in US 4,078,132; WO 91/07472; US 4,994,516; EP 0 046 
344 A; EP 0 082 726 A; and US 5,171,793. 

[00259] In another embodiment an adhesive composition comprising 
polymer product of this invention further comprises a crosslinking agent. 
Preferred crosslinking agents include those having functional groups that can react 
with the acid or anhydride group. Preferred crosslinking agents include alcohols, 
multiols, amines, diamines and/or triarchies. Examples of crosslinking agents 
useful in this invention include polyamines such as emylenediamine, 
diethylenetriarnine, hexamemylenediamine, diemylanunopropylamine, and/or 
menthanediamine. 

[00260] In another embodiment an adhesive composition comprising the 
polymer product of this invention further comprises typical additives known in the 
art such as fillers, antioxidants, adjuvants, adhesion promoters, oils, and/or 
plasticizers. Preferred fillers include titanium dioxide, calcium carbonate, barium 
sulfate, silica, silicon dioxide, carbon black, sand, glass beads, mineral aggregates, 
talc, clay and the like. Preferred antioxidants include phenolic antioxidants, such 
as Irganox 1010, Irganox, 1076 both available from Ciba-Geigy. Preferred oils 
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include paraffinic or napthenic oils such as Primol 3 52, or Primol 876 available 
from ExxonMobil Chemical France, S.A. in Paris, France. Preferred plasticizers 
include polybutenes, such as Parapol 950 and Parapol 1300 available from 
ExxonMobil Chemical Company in Houston Texas. Other preferred additives 
include block, antiblock, pigments, processing aids, UV stabilizers, neutralizes, 
lubricants, surfactants and/or nucleating agents may also be present in one or more 
than one layer in the films. Preferred additives include silicon dioxide, titanium 
dioxide, polydimethylsiloxane, talc, dyes, wax, calcium sterate, carbon black, low 
molecular weight resins and glass beads. Preferred adhesion promoters include 
polar acids, polyammoamides (such as Versamid 115, 125, 140, available from 
Henkel), urethanes (such as isocyanate/hydroxy tenninated polyester systems, e.g. 
bonding agent TN/Mondur Cb-75(Miles, Inc.), coupling agents, (such as silane 
esters (Z-6020 from Dow Corning)), titanate esters (such as Kr-44 available from 
Kenrich), reactive acrylate monomers (such as sarbox SB-600 from Sartomer), 
metal acid salts (such as Saret 633 from Sartomer), polypheuylene oxide, oxidized 
polyolefins, acid modified polyolefins, and anhydride modified polyolefins. 

[00261 ] In another embodiment 1he polymers of this invention are 
combined with less than 3 wt % anti-oxidant, less than 3 wt % flow improver, less 
than 10 wt % wax, and or less than 3 wt % crystallization aid. 

[00262] Other optional components that may be combined with the polymer 
product of this invention are plasticizers or other additives such as oils, 
surfactants, fillers, color masterbatches, and the like. Preferred plasticizers 
include mineral oils, polybutenes, phthalates and the like. Particularly preferred 
plasticizers include phthalates such as diisoundecyl phthalate (DIUP), 
dusononylphthalate (DINP), dioctylphthalates (DOP) and the like. Particularly 
preferred oils include aliphatic naphthenic oils. 
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[002631 Other optional components that may be combined with the polymer 
product of this invention are low molecular weight products such as wax, oil or 
low Mn polymer, (low meaning below Mn of 5000, preferably below 4000, more 
preferably below 3000, even more preferably below 2500). Preferred waxes 
include polar or non-polar waxes, functionalized waxes, polypropylene waxes, 
polyethylene waxes, and wax modifiers. Preferred waxes include ESCOMER™ 
101. Preferred functionalized waxes include those modified with an alcohol, an 
acid, a ketone, an anhydride and the like. Preferred examples include waxes 
modified by methyl ketone, raaleic anhydride or maleic acid. Preferred oils 
include aliphatic napthenic oils, white oils or the like. Preferred low Mn polymers 
include polymers of lower alpha olefins such as propylene, butene, pentene, 
hexene and the like. A particularly preferred polymer includes polybutene having 
an Mn of less than 1000. An example of such a polymer is available under the 
trade name PARAPOLTM 950 from ExxonMobil Chemical Company. 
PARAPOL™ 950 is a liquid polybutene polymer having an Mn of 950 and a 
kinematic viscosity of 220cSt at 100 °C, as measured by ASTM D 445. In some 
embodiments the polar and non-polar waxes are used together in the same 
composition. 

[00264] In some embodiments, however, wax may not be desired and is 
present at less than 5 weight % , preferably less than 3 weight %, more preferably 
less than 1 weight %, more preferably less than 0.5 weight %, based upon the 
weight of the composition. 

[00265] bi another embodiment the polymers of this invention have less 
than 30 weight% total of any combination of additives described above, preferably 
less than 25 weight%, preferably less man 20 weight %, preferably less than 15 
weight %, preferably less than 10 weight%, preferably less than 5 weight%, based 
upon the weight of the polymer and the additives. 



